Objectives To determine whether the European Commission Eurobarometer survey of 27 European Union (EU) member states produces reliable smoking prevalence estimates when compared to national prevalence survey data, and to identify approaches to standardising the measurement of smoking prevalence in the EU. Methods This was a direct comparison of questions, sampling methods and smoking prevalence estimates, between the 2006 Eurobarometer study and contemporaneous national surveys. All 27 EU member states were included. Participants were people surveyed in the 2006 Eurobarometer study and in various national surveys in the closest year to 2006 for which data were available. The main outcome measures were the mean and range of differences in prevalence estimates between the Eurobarometer and national surveys. Results Most national surveys used similar multistage sampling methods and involved sample sizes of 3000 or more, but the phrasing of the questions used to define smoking, the inclusion or exclusion of occasional smokers, the age ranges of participants and the frequency of national surveys varied substantially between countries. The Eurobarometer study used the same questions in all countries but in sample sizes of 1000, or in 3 countries, 500. Eurobarometer 2006 smoking prevalence estimates were on average 0.37 percentage points higher than those in national surveys, but with a 95% range from À10.49 to +11.23 percentage points. At the extremes, the equivalent national prevalence estimate for Slovakia was 13.0% higher and for the UK 10.0% lower than the Eurobarometer figure. 
INTRODUCTION
Smoking has been prevalent in Europe since the early 20th century, 1 and for many years has been the largest avoidable cause of serious disability and mortality in the European Union (EU). 2 An estimated 26% of people aged 15 years and older in the EU, or about 100 million people, are current daily smokers 3 and about 50 million of these will die prematurely from smoking unless they quit. 4 Given the scale of this problem, accurate measurement and monitoring of trends in smoking prevalence in EU countries should be a high priority. However, over the past 15 years the European Commission (EC) has measured smoking prevalence in all member states on only four occasions, in Eurobarometer surveys carried out in 2002, 2005, 2006 and 2008. 3 5e7 The surveys use samples of about 1000 participants from most countries and the published reports contain no detailed breakdown by gender, age or other characteristics by country. Smoking prevalence is also measured in national surveys in member states, usually with larger samples and hence in more detail than the Eurobarometer, but with different questions and varying frequency.
Inspection of national and Eurobarometer prevalence estimates reveals some substantial discrepancies. For the UK, for example, smoking prevalence estimates from the large and nationally representative General Household Surveys in 2002, 2005 and 2006 were 26%, 24% and 22%, 8 while the Eurobarometer figures for the UK in the same years were respectively 45%, 29% and 32%. 5e7 This suggests either that differences in the phrasing of questions used to define smoking, errors arising from sampling methods or sample sizes, or all of these factors, have a significant impact on estimates from national or Eurobarometer studies, or both.
Since these considerations question the validity of the Eurobarometer surveys as the main source of smoking prevalence data for the entire EU, we have summarised and compared the methods, sample sizes and prevalence estimates provided by the Eurobarometer survey and in available national studies. Since national data tend to be published rather later than Eurobarometer results and many countries do not have more recent data available, our primary comparison is between data from Eurobarometer 2006 and from national surveys closest in time to 2006.
METHODS
We used a range of internet search strategies to attempt to identify the most recent national survey of smoking prevalence, and a summary of the survey methods used, for each of the 27 EU countries. Typically the sources of data were surveys addressing a range of topics but including some questions on smoking, and these sources usually provided details of sampling methods, sample size and phrasing of the questions used to define and measure smoking. In cases in which this methodological information was not provided or was incomplete, we attempted to make email contact with individuals or organisations given on the websites as sources of further information, and if that proved unsuccessful, we used the European Health Interview and Health Examination Surveys Database 9 and the WHO Global InfoBase 10 as secondary sources of information. From these sources we attempted to establish the age range and number of participants included, the response rate, and the sampling and data collection methods used for the survey. We also attempted to ascertain the phrasing of the questions to determine whether they included smokers of any tobacco product or cigarette smokers only, and whether they included and distinguished occasional and daily smokers.
We then compared the methods used and estimates obtained in these national surveys with those in the Eurobarometer 2006 survey. Where more than one recent national survey was available we took data from the year closest to 2006, or from 2005 if the choice was between 2005 and 2007. If more than one national survey was available in the closest year to 2006, we used data from the largest study. To describe the agreement between Eurobarometer and national prevalence estimates we calculated the mean and 95% range of differences between them, and assessed the correlation between them. We are aware that more recent data have been or are being collected in several countries, but limited our analysis to data available at the time of writing in December 2009. Since the Eurobarometer 2006 study presented summary data only for the 25 countries in the EU before the accession of Bulgaria and Romania, we also calculated the mean Eurobarometer summary figure for all 27 EU countries adjusted for population in each country in the age group 15+, as it had been done in the Eurobarometer study.
RESULTS
The national surveys we identified, phrasing of the questions used to describe current smoking (or a description of reported smoking status in cases where we were unable to obtain specific phrasing), the age range of participants, the sampling and survey methods used, the sample size and participation rates, the prevalence estimates reported and the equivalent information from the Eurobarometer 2006 survey for the 27 EU countries are summarised in table 1. At the time of analysis the majority of recent national surveys had been carried out between 2003 and 2007, with only seven countries (Finland, Luxembourg, Malta, The Netherlands, Sweden, UK and Ireland) having data for 2008. For one country, Greece, we were unable to find recent data on smoking prevalence from a national survey and instead had to use a prevalence estimate from a published article that quoted a recent national survey as the source of the estimate. Data on the sample size and age group included were also given in this secondary source, but we were unable to ascertain any further information about the original survey. Data for the UK were obtained from the General Household Survey, which excludes Northern Ireland (3% of the UK's population 61 ). The majority of countries used multistage, representative population sampling methods, and most used personal face-toface interviews (sometimes with additional questionnaires for private completion) to collect data, though six used postal survey methods, one an online survey and two used telephone interviews. We were unable to establish the data collection procedure used in Greece. The number of participants in national surveys varied widely between countries, the lowest being Malta with 1369 individuals but most others including at least 3000 people. All surveys imposed a lower age limit on participants (typically 15 or 16 years, but ranging from 10 in Portugal to 25 in Bulgaria and Greece); and some surveys an upper limit, usually 64 years. Available response rates varied from 55% in Latvia to 92% in Cyprus; we were unable to ascertain the response rates for five countries. The Eurobarometer survey included around 1000 people in each country, except in Cyprus, Luxembourg and Malta where approximately 500 people were surveyed, and in Germany, with 1551 participants. Sampling methods were similar to the national surveys, with a lower age limit of 15 years and no upper age limit. The response rate in the Eurobarometer study was not given in the published report.
The questions on smoking used in national surveys varied markedly in phrasing, but clearly ascertained daily and occasional (non-daily) smoking in 19 countries. For clarity therefore we have condensed the questions used in these countries into uniform text in table 1, and for the other countries have summarised the approximate questions used. Surveys in Bulgaria, Slovakia, The Netherlands and Luxembourg reported daily and occasional smoking, but we were unable to establish the precise questions used. Germany reported regular and occasional, rather than daily or occasional smoking, but did not explicitly define regular smoking. For Greece the estimated prevalence is for all smoking, but the questions used are unknown. In Malta only daily cigarette smoking was measured; the Czech Republic measured all smoking but broke only cigarette smoking down into daily or occasional; and in the UK, the question asked about smoking cigarettes at all nowadays (cigar and pipe smoking were excluded, regular smoking of either being extremely rare). Questions used in Austria, Italy and Romania appeared to distinguish daily and occasional smoking, but prevalence was reported only for daily smoking for Austria, and all smoking for Italy and Romania. In some countries additional questions were asked about the number of cigarettes, cigars or pipes smoked by daily smokers and the frequency of smoking for occasional smokers.
The questions used in the 2006 Eurobarometer survey defined a smoker as one who smoked manufactured cigarettes, handrolled cigarettes, cigars or pipes, and asked these smokers if they smoked regularly or occasionally. Regular smoking was not defined in the report. Cigarette smokers were asked about daily consumption, and included a response category for those who did not smoke every day. Thus the Eurobarometer provides data on regular or occasional smoking of any product and daily or non-daily smoking of cigarettes. Since most national surveys also measured all smoking (of cigarettes, cigars and pipes) we used figures for all smoking to compare like with like estimates between national and Eurobarometer surveys for all countries except the UK and Malta, for which the Eurobarometer cigarette smoking prevalence figure was used. Since the Eurobarometer survey did not publish gender-specific estimates, we compared prevalence for both sexes combined. The estimates compared are displayed in figure 1 .
The highest smoking prevalences reported in national surveys were from Bulgaria (45.2%), Greece (40%) and Slovakia (38%); and the highest Eurobarometer estimates for Greece (42%), Bulgaria (36%), and Latvia and Hungary (36%). The lowest estimates in national surveys were for Portugal (19.7%), UK (22%) and Italy (22.7%); and in Eurobarometer for Portugal (24%), Slovenia (23%) and Sweden (18%). On average, the Eurobarometer prevalence estimates were higher than those from national surveys by 0.37 percentage points, but with a 95% range (on 26 degrees of freedom) from À10.49 to +11.23 percentage points. At the extremes of the range of absolute differences the national estimate for Slovakia was 13 percentage yExact questions unknown; details of methodology provided from WHO Global InfoBase. zDetails of methods unknown; data provided from secondary source. xExcludes small proportion of smokers for whom regular/occasional smoking status is unknown: 0.3% Belgium, 0.4% Bulgaria, 1.6% Italy, 0.4% Poland, 0.3% Romania, 0.2% Slovakia, 0.3% EU27. {Daily/non-daily smoking of cigarettes and overall cigarette smoking prevalence (overall smoking prevalence estimate in brackets).
**For Czech Republic national survey data on daily and occasional smoking refer to cigarette smoking only, but total figure represents overall smoking (including 1.7% cigars and pipes smokers). For Eurobarometer survey data regular and occasional smoking represents daily/non-daily cigarette smoking and overall cigarette smoking (overall smoking prevalence in brackets). yyRepresents regular smoking.
zz0.1% not known daily/occasional smoking status. EU27, 27 European Union members; NA, data not available; TNS, TNS Opinion database (http://www.tns-opinion.com/home/).
points higher than the Eurobarometer figure, while the UK national estimate was 10 percentage points lower. There was positive and significant correlation between Eurobarometer and national smoking prevalence estimates (r¼0.58; p<0.01). Mean daily and occasional smoking prevalences in the 20 countries for which daily and occasional smoking prevalence figures were available were 25.1% and 5.6%, respectively, and for the same countries in the Eurobarometer study, mean regular and occasional smoking prevalence estimates were 25.5% and 4.2%. Comparison of the national survey estimates with figures from the more recent (2008) Eurobarometer survey, which used similar methods to the 2006 study, reveals mean figures that were 1.5 percentage points higher in Eurobarometer, with a 95% range from À6.7 to +9.6 percentage points.
DISCUSSION
In the EU in the year 2000, smoking caused over 650 000 deaths and serious chronic disease in about 13 million people, 62 and in 2002 passive exposure to cigarette smoke caused nearly 20 000 deaths in non-smokers 63 and had a substantial impact on the health of children. 64 Monitoring the prevalence of smoking accurately, by age, sex and socioeconomic status, using standardised methods to enable between-country comparisons, is an essential prerequisite for implementing and assessing effective public health policy to prevent smoking and the diseases it causes. This study demonstrates that while relatively unbiased as a measure of total smoking prevalence across the EU, the main EU survey of smoking prevalence in member states generates estimates that are in some cases widely discrepant from more substantive national sources and does not provide age or gender-specific data by country. While in some countries the availability of high quality and frequently measured national data make the Eurobarometer unnecessary for monitoring purposes, in those countries in which reliable national data are obtained infrequently, and in some cases are difficult to locate, the Eurobarometer is an important source of information. Our study suggests that the data it provides are lacking in accuracy and detail at a national level.
Some of the discrepancy between national and Eurobarometer survey results will be due to methodological differences. Most surveys used broadly comparable multistage sampling methods to identify participants, but some national surveys did not publish a participation rate and many of those that did achieved participation in less than 70% of those sampled. Bias arising from relative nonresponse in particularly high or low smoking prevalence subgroups is therefore possible. The Eurobarometer survey did not publish response rates. Use of interviewer-administered, postal, internet or telephone-based survey methods is certainly likely to have influenced results, since the latter two in particular tend to exclude the relatively disadvantaged (and high smoking prevalence) sectors of the population in many countries. Differences in the phrasing of the questions used to ascertain smoking habits may also have contributed, though most countries used a consistent approach in measuring all smoking (including cigars and pipes) on a daily or occasional (non-daily) basis. Since about 5% of people describe themselves as occasional smokers, the distinction between regular and occasional needs to be clearly defined, and daily smoking is an obvious and simple distinction to draw. Exclusion of non-daily smoking from the overall prevalence figure, as for example in Austria, will lead to substantially lower prevalence estimates. Since the great majority of smokers in the EU are cigarette smokers, inclusion or exclusion of pipe and cigar smoking makes little difference to the figures, but nevertheless results in slightly higher overall prevalence estimates if included and should therefore be measured.
Since smoking rates vary markedly with age, 6 8 45 differences in the age range surveyed are also potentially important. Smoking in the very young and the very old tends to be relatively uncommon, so inclusion of individuals in these age ranges will tend to reduce prevalence estimates. Many countries set no upper age limit on participation but many excluded those aged over 64, and in two cases, those over 59. At the lower age limit, most countries included those aged 15 and over, but Bulgaria and Greece excluded people aged under 25. Since smoking is typically common in young adults in the 20e24-year-old age group, this may have resulted in an underestimate of total prevalence in these two countries.
Sample sizes were all higher, and in most cases substantially higher, in national than in the Eurobarometer surveys. With unbiased sampling and participation, the lower sample sizes in the Eurobarometer study should not result in systematic error in the overall prevalence estimates, but will increase random error and precludes detailed breakdown of smoking by gender, age, or socioeconomic status within countries. It is possible that differences in the probability sampling methods used and the weighting of responses in the analysis of survey results impacted on these differences between national and Eurobarometer estimates, but few studies provided details of these procedures and we were therefore unable to explore these effects any further. It has also been argued that measures of self-reported smoking prevalence tend to underestimate true tobacco smoking rates, and that use of biological markers would provide more accurate information about person's exposure to tobacco smoke. 65 However, none of the studies we analysed included any objective verification of smoking status. Differences in timing of the national and Eurobarometer studies may also have contributed to prevalence differences, though we found no evidence of systematic bias in this respect (data not shown). Unfortunately, given the relatively small numbers of prevalence estimates available to us, we were unable to estimate the independent effect of these various factors in our analysis.
In 2008 a further Eurobarometer study was carried out, and the mean of the differences from national estimates, and their range were broadly similar to the 2006 study. Further evidence of the inaccuracy of individual country estimates are evident in the Eurobarometer figures for the UK, which since 2002 have varied between 28% and 45%, 3 5e7 while national figures have fallen from 26% to 21%. 8 UK national survey data indicate that only about 1% of the population smokes cigars and pipes, 8 so the discrepancy between these figures is not due to inclusion of other types of tobacco in the Eurobarometer estimates. Overall our study indicates that the measurement and monitoring of trends in smoking prevalence in EU countries at national and EU levels is inconsistent, unstandardised and in many cases infrequent. Harmonisation of methodology, or at least the inclusion of a basic set of common questions, would therefore be a major step towards the generation of data suitable to compare smoking prevalence in European countries over place and time. While it may not be possible to use identical sampling methods in all countries, the approaches used in national surveys should be broadly consistent, using standardised age ranges, and data on participation rates are needed to determine how representative the participants are of the target population. At present, the Eurobarometer survey provides a standardised approach but with inadequate sample sizes, while national surveys tend to provide reasonable sample sizes but relatively little common ground in terms of smoking definitions. Less than half of all EU countries measure smoking prevalence on an annual or biennial basis.
A standardised approach to measuring smoking prevalence would use similar questions in all countries and, to allow for differences in the types of tobacco smoked, ask about smoking of all tobacco products. Since most countries currently use daily smoking as a definition of regular as opposed to occasional smoking, we would suggest that all countries should be encouraged to adopt questions that ascertain daily and occasional smoking of any tobacco products, and of manufactured or hand-rolled cigarettes. This would allow direct comparison of prevalence between national surveys, at least within the minimum common age range. Ideally the surveys should include all aged 15 and over. Sample sizes need to be adequate to detect differences in prevalence between sexes, age and socioeconomic groups, so that trends in uptake and cessation can be identified within them; in practice, this will probably require samples of the order of 3000 people. Probability sampling methods and weighting also need to be harmonised as closely as possible, in case these also contribute to bias between national and transnational estimates. National surveys should ideally be repeated at least every 2 years to allow adequately monitor changes in smoking prevalence over time, though a case could be made for much more frequent monitoring.
All of these recommendations also apply to the Eurobarometer study, which, in the absence of reliable or frequent data from some countries, is the only available indicator of smoking prevalence and prevalence trends in some areas of Europe. Since monitoring smoking is such a health priority it is important that the Eurobarometer continues to provide directly comparable data broken down at least by age and gender, using a core set of questions to provide comparable responses to most national studies and on a regular basis. For the time being however, measurement of smoking prevalence in Europe is inadequate in many respects, and needs to be reformed.
What this paper adds < The prevalence of smoking in the 27 European Union member states is measured infrequently in most countries and the methods used differ substantially between countries. < The European Commission Eurobarometer survey uses standardised methods to measure prevalence in all member states, but does so using relatively small sample sizes and at irregular intervals. < Average Eurobarometer prevalence estimates are slightly higher than the average of national estimates, but the range of differences is very wide and includes some major discrepancies. < This paper highlights the need for standardisation of the methods used to measure the prevalence of smoking in time and place across Europe.
